A longitudinal observational study of Salmonella shedding patterns by commercial turkeys during rearing and fattening, showing limitations of some control measures by Morris, VK et al.
  
 
Observations on the distribution of Salmonella in 
commercially-produced turkeys during the rearing 
and fattening stages of production 
 
Morris, V.K.1*, Carrique-Mas, J.J.2, Mueller-Doblies, D.2, Davies, R.H.2, Wales, A.D.2 
and Allen, V.M.1 
 
1Department of Clinical Veterinary Science, University of Bristol, Langford, Bristol 
BS40 5DU. 2Department of Bacteriology and Food Safety, Animal Health and 
Veterinary Laboratories Agency, New Haw, Addlestone, Surrey KT15 3NB 
 
*Correspondence: Victoria K Morris 
   School of Veterinary Science 
   University of Bristol 
   Langford 
   Bristol BS40 5DU. 
Email: victoria.morris@bristol.ac.uk 
 
Running head: Salmonella in commercial turkey production 
 
  
2 
Abstract 
1. The study examined the onset and progression of Salmonella infections in a number of 
commercial turkey crops from placement at day-old until slaughter. 
2. This was achieved by a longitudinal observational approach using faeces and environmental 
sampling with culture, in ‘brood and move’ systems. 
3. Persistent Salmonella Newport contamination was found within rearing houses and on their 
external concrete aprons after cleaning and disinfection between crops of heavily-shedding young 
birds. 
4. Salmonella shedding was often detected by five days of age and the frequency of positive samples 
peaked at 14 to 35 days. Thereafter Salmonella isolations declined, especially in the later 
(fattening) stages. Samples were still Salmonella-positive at low prevalence in half of the 
intensively-sampled houses at slaughter age. 
5. A number of management interventions to combat Salmonella infection of flocks, including 
sourcing policy, competitive exclusion cultures and cleaning and disinfection, were inadequate to 
prevent flock infection, although improved disinfection on one unit was associated with a delay in 
the onset of flock infection. 
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Introduction 
Human salmonellosis is a substantial issue, with over 95 000 confirmed cases in the  European 
Union (EU) in 2011 (EFSA/ECDC, 2013). Poultry are recognised as a major source for 
salmonellosis and a recent EU baseline survey identified one in three fattening turkey flocks as 
Salmonella-positive (EFSA, 2008a). Salmonella can be found at all stages of turkey production: 
breeding, hatchery, rearing and fattening flocks (Papadopoulou et al., 2009). There appear to be 
many localised sources of Salmonella in turkey production, resulting in varied national and 
international patterns of serovars (Aury et al., 2010, EFSA, 2008b). 
 
The increased desire for controls in meat production has been recognised by EU legislation 
concerning Salmonella in turkeys, broilers and pigs ("Regulation (EC) No 2160/2003" 2003). A 
reduction in the proportion of commercial turkey flocks that are Salmonella-positive at the time of 
slaughter is an important element in this strategy, given the current prevalence of flock infection. 
Furthermore, it has been reported that Salmonella recovered from turkeys may have levels of 
antimicrobial resistance, including multi-resistance, that are comparatively high compared with 
isolates from other poultry (Poppe et al., 2001, Schroeter et al., 1998, Zhao et al., 2007). 
 
Turkey poults hatching and living in modern sanitised production facilities have reduced 
opportunities to rapidly develop a diverse and mature gut microflora (Rantala and Nurmi, 1973) and 
are consequently highly susceptible to intestinal Salmonella colonisation (Mead, 2000). Management 
intervention to reduce the risk of this occurring includes the use of competitive exclusion (CE) 
cultures, which comprise undefined mixes of poultry intestinal bacteria that are intended to substitute 
for the adult microflora that would naturally colonise the gut of the newly-hatched poult and provide 
enhanced resistance to colonisation by pathogens including Salmonella (Dankowiakowska et al., 
2013, Schneitz, 2005). 
 
Sampling investigations have identified hatcheries, feed and environmental carryover as sources of 
Salmonella for new flocks (Danguy des Déserts et al., 2011, Hoover et al., 1997, Mueller-Doblies et 
al., 2013, Mueller-Doblies et al., 2014). Risk factor analyses have indicated that the likelihood of 
flock infection can be significantly influenced by the use of certain hatcheries, by disinfection and 
hygiene practices, by features of biosecurity such as worker and visitor access and types of local 
livestock farms, by feed sources and feeder types, and by previous Salmonella-positive flocks being 
present on the farm (Arsenault et al., 2007, Aury et al., 2010, Danguy des Déserts et al., 2011, EFSA, 
2008b, Featherstone et al., 2010). 
 
The present study examined infection patterns on turkey farms in UK during a period of Salmonella 
contamination. Farms were visited from May to November 2009, and sampling included occupied 
houses and cleaned empty houses, according to the stage of production. Some flocks were subjected 
to longitudinal sampling from placement to slaughter. 
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Materials and Methods 
Farms, flocks and management. Nine farms were examined: two (A and B) were rearing farms 
with persistent Salmonella infections in flocks and the other seven (C, D, E, F, G, H and J) were 
linked fattening farms. Birds from the rearing farms were moved to the fattening farms at 35-42 days 
of age and slaughtered at 133-140 days (Table 1). Housing was high-biosecurity with fully-enclosed 
controlled environments. Supplementary gas heaters were used in the rearing stage. Birds were fed 
commercial pelleted rations, supplied with municipal water and medicated by water metering 
devices.  Wood shavings and straw were used as bedding in the rearing and fattening stages, 
respectively. 
 
Flock treatments (antibiotics, competitive exclusion and organic acids) are detailed in Table 2. Poults 
were given antibiotics (lincomycin plus spectinomycin: 'Lincospectin’; Pfizer Zoetis, London, UK ) 
in drinking water from zero to three days of age, as a prophylaxis against enteritis. One or two 
amoxycillin (Amoxinsol) treatments were given for enteritis during the rearing stage. Enrofloxacin 
(Baytril; Bayer plc, Newbury, UK) was used on the basis of antimicrobial susceptibility testing 
results in some houses after other treatments failed. 
 
A commercial competitive exclusion (CE) product, derived from the intestinal flora of specific 
pathogen free chickens and containing over 200 bacterial species (partially characterised by culture) 
in a freeze-dried preparation, was administered for Salmonella reduction in some flocks on both 
rearing farms. It was added to drinking water at the manufacturer’s recommended inclusion rate just 
before the lights were turned on in the morning and was drunk within two hours. Alternatively it was 
administered by spray at the hatchery, and some flocks had CE treatments by both methods.  
 
Commercial organic acid (OA) products (Selko pH, Selko Feed Additives, Tilburg, Netherlands or 
Orffa Aqua pH, Orffa UK Ltd., Ripon, UK) were given to birds in the fattening phase, 
prophylactically against Salmonella and as a treatment in response to enteritis, at a 0.3 % inclusion 
rate in the drinking water. Tylosin (Tylan; Elanco Animal Health, Basingstoke, UK) and 
chlortetracycline (Aurofac; Zoetis, London, UK) were administered to birds in the fattening phase to 
treat enteric or respiratory disease if it occurred. 
 
Sampling strategy. ‘Target’ houses were subjected to intensive faeces sampling plus boot swabs, 
whilst other houses on the premises (‘non-target’) were sampled by boot swabs only. On each rearing 
farm all four houses were target houses for each crop. The houses were filled in order, often over 
several days, with the furthest house from the entrance being filled first. Twenty poult delivery box 
liners were also sampled for each crop. For each rearing farm two sequential turkey crops (Farm A 
crops A1 and A2, Farm B crops B1 and B2) were tracked from day-old poults to slaughter, through 
fattening farms D, E, F, G and J. Only a subset of the birds from these rearing crops could be studied 
through to slaughter, as rearing groups were divided among multiple fattening farms. Two further 
rearing crops from each farm (A3 and A4, B3 and B4) were examined but not followed through to 
fattening. Two fattening farms (C and H), where the flocks had not come from rearing farms A or B, 
were also sampled (Table 2). On each fattening farm there were up to four target houses, with 
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selection of houses being determined by the onward distribution chain for poults from the studied 
rearing houses (farms D, E, F, G, J) , or by using random number tables (farms C and H). 
 
Sample types. Individual fresh (moist, undisturbed) droppings of the faecal (not caecal) type were 
collected, using clean single-use plastic gloves, from each target house into sterile faecal sample 
pots. On each visit each house was divided into eight equal sections and eight droppings were 
collected per section. When it was not possible to obtain eight faeces samples per section, owing to a 
lack of fresh faeces, additional samples were collected from adjacent sections. The 64 samples per 
house were selected in order to detect a prevalence of 5% or more shedding birds with 95% 
confidence, assuming detection sensitivity and specificity of 95% and 100%, respectively, using the 
methods of Cameron and Baldock (1998). 
 
Samples were stored chilled, with lids tightly closed, for up to 24 h before processing. Samples were 
taken from rearing farms at flock ages five, 14 and 35 days, and from fattening farms at ages 10, 14, 
18 and 20 weeks of age. Not every flock could be sampled on all occasions. 
 
Two pairs of boot swabs (Tunika overshoes; Fisher Scientific, Loughborough, UK) were used in 
each target and non-target house at each premises. Each swab was moistened with sterile distilled 
water before being put on over a plastic overshoe once inside the house. All eight sections of each 
house were walked through, with one pair of boot swabs being used for four sections using shuffling 
steps, before being removed, placed into a sterile pot and chilled as for the faecal samples. On receipt 
in the Animal Health and Veterinary Laboratories Agency (AHVLA) laboratory within 24 h of 
sampling, the swabs were individually immersed in 225 ml Buffered Peptone Water (BPW) for pre-
enrichment followed by culture as described below. 
 
Wood wool poultry box liners were collected according to an agreed protocol by staff at destination 
farms and submitted by first class post to the AHVLA laboratory where they were cultured 
individually by immersion in BPW in sterile plastic bags, incubated (37 °C for 18 h) and further 
tested as below. 
 
Sampling after cleaning and disinfection (rearing farms only). For each crop, sampling was 
carried out after the entire site had been subjected to cleaning and disinfection (C&D) by blowing 
down dust, removing all litter, power washing with plain water, disinfection with peroxygen and 
aldehyde-based programmes and chlorine disinfection of water lines before the poults’ arrival. 
Down-time, between completion of disinfection and placement of poults, was typically one to three 
days. Five swabs were taken from each of the following areas of each house: walls and doors, vents 
and ledges, drinkers (empty), feeders, floor, anteroom floor and concrete apron outside the front of 
the house. Moist hand-held gauze swabs were used to wipe vigorously an area of 0.5 to 1 m2; these 
were then placed into 225 ml BPW and transported to the laboratory within 6 h. 
 
Culture and serotyping of samples. Faeces samples were cultured both individually and as pools of 
eight samples from each house area. Processing followed an ISO 6579:2002 (Annex D) method 
("Microbiology of food and animal feeding stuffs", 2007), modified as described by Mueller-Doblies 
et al. (2009). Briefly, pre-enrichment in BPW (18 h at 37 °C) was followed by selective enrichment 
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using modified semi-solid Rappaport-Vassiliadis agar (MSRV, Difco, 218681; 24 h at 41.5 °C), and 
then subculture on to Rambach selective indicator agar (Merck, 1.07500.0002). From each house, at 
least 10 isolates with a typical Salmonella colony appearance (or all isolates, if fewer than 10) were 
fully serotyped at the AHVLA Salmonella Reference Laboratory according to the Kauffmann–White 
scheme (Grimont and Weill, 2007). If a mixture of serovars was found, all isolates were then 
serotyped.  
 
Statistical analysis. A binary logistic regression was conducted, using statistical software (SPSS 
version 18, IBM), to examine the relationship between the Salmonella status of individual faeces 
samples in a flock after repopulation at visits up to 35 days (dependent variable) and several potential 
explanatory variables. These covariates comprised the proportion of positive post-C&D swabs from 
each of several defined sources: floors, feeders, drinkers, ledges, walls and outside concrete aprons, 
plus a binary variable encoding the administration or otherwise of competitive exclusion culture. 
 Farm crop and visit were used only to define subpopulations but not in constructing the model. 
 
Results and discussion 
Salmonella isolates. All serotyped isolates were Salmonella Newport, apart from Salmonella Bardo 
(a ‘colony-form’ variant of S. Newport; Hendriksen et al., 2009) that was recovered along with 
S. Newport in crops B1 (5 and 14 days of age) and B2 (5 days of age). S. Newport isolates from all 
farms were generally resistant to ampicillin, tetracycline, sulphonamides and streptomycin. 
Sometimes there was additional resistance to nalidixic acid, but none were resistant to 
chloramphenicol cephalosporins, amoxicillin/clavulanic acid or gentamicin. Spectinomycin 
resistance would be expected in a high proportion of the streptomycin-resistant isolates (Nayak et al., 
2004). The resistance profiles of the farm-resident S. Newport strains may be linked to some of the 
antibiotics regularly used in turkeys, and may have given the strains a competitive advantage when 
certain antibiotic treatments (particularly lincomycin plus spectinomycin) were applied. S. Newport 
was the most prevalent serovar reported in turkey flocks in the UK between 1995 and 2006 
(Papadopoulou et al., 2009) and it may be well adapted to the environment of turkey rearing farms. 
 
Faeces and environmental sampling of turkey houses. From any rearing house the proportion of 
individual faecal samples yielding Salmonella ranged between 0 % (day 5 only) and 100 % (days 14 
and 35 only). All rearing houses yielded at least one Salmonella-positive faeces sample (individual 
or pooled) during the sampling period. Frequently the number of Salmonella-positive faeces samples 
was less at 35 days, shortly before the birds were moved to the fattening farms, than at 14 days. 
Figures 1 and 2 provide more detail. Poult transport box liners yielded Salmonella on three of 20 
occasions, despite no isolations from contemporaneous hatchery samples and monitoring samples 
from the source breeding flocks. As sampling of the liners was performed by farm staff (not 
investigators) it seems likely that cross-contamination occurred prior to samples reaching the 
laboratory in view of the environmental Salmonella that was found on the farm. It may furthermore 
be possible that farm workers with contaminated hands may have infected birds or contaminated 
drinkers or feeders as birds were placed. 
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Residual Salmonella contamination after C&D of rearing accommodation is summarised, and 
compared with subsequent flock infection, in Table 3. Persisting contamination was found most 
frequently on the concrete aprons outside the front of the houses, and least often on the inside 
surfaces of the houses. Farm B had heavier post-C&D contamination than Farm A overall.  
 
On farm B post-C&D isolations were initially made at similar frequencies on two consecutive 
occasions, but the next two samplings both yielded a significantly lower frequency of positive swabs 
(Table 3). This shift to lower contamination intensities after crop B2 correlated with a change of foot 
dip disinfectant from a hydrogen peroxide-based agent, which is readily inactivated by organic 
matter, to a cresol-based one. There is some evidence (Table 3) of a slower onset of detectable flock 
infection following this reduction in post-C&D contamination. This is supported by the statistical 
analysis: the test of the model was significant (chi square P<0.04) and although none of the 
covariates achieved significance the Wald criterion showed a strong trend (chi square P = 0.056) in 
the relationship between Salmonella-positive outside swabs and the odds ratio of any faeces sample 
in the follow-on flock being Salmonella-positive at up to 35 days. However, all tested houses of all 
rearing crops had become Salmonella-positive by day 35. 
 
Thus, Salmonella infection of the rearing flocks was associated with a single serovar, or a minor 
variant thereof. The balance of evidence indicates that infections resulted from residual 
environmental contamination on the farms, probably supplemented by secondary spread between 
houses as a result of movement of people and equipment. This was despite Salmonella not being 
detected by intensive swabbing of inside surfaces of the rearing houses on 50% of post-C&D 
sampling farm visits, and on 26 of 32 occasions for individual houses. Decontamination between 
turkey crops appeared to be least successful on exterior surfaces. There was some evidence of a 
delay in the onset of some flock infections following improvement in C&D outcomes on one farm, 
but flock infections were not ultimately prevented. 
 
Management strategies to minimise the risk of Salmonella infection of poults (principally obtaining 
stock from Salmonella-negative sources, site-wide C&D between crops, site biosecurity and hygiene 
measures, and CE treatments soon after hatch) were evidently insufficient in combination to keep 
any of the studied flocks free of Salmonella in the rearing phase. Deficiencies in C&D have been 
identified as risk factors in studies of Salmonella in turkey flocks (Danguy des Déserts et al., 2011, 
Featherstone et al., 2010), and carryover between flocks has been identified as a likely source for 
Salmonella in some longitudinal studies (Danguy des Déserts et al., 2011, Hoover et al., 1997). 
Drinkers and water troughs in particular have been identified as early sources of Salmonella 
contamination for poults in several studies (Anderson et al., 1984, Hoover et al., 1997, Nayak et al., 
2003). A system such as the present one, where heavily-shedding young flocks are replaced in the 
same accommodation by day-old poults may be especially vulnerable to carryover of Salmonella 
from flock to flock. A systematic technical evaluation of the biosecurity and C&D procedures on the 
rearing farms was not performed, but general observations made during cleaning and restocking 
periods indicate that there may have been significant deficiencies, including the entry of vehicles into 
the house after C&D to place bedding, feed and day-old poults.  
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There is more than one possible reason why the administration of CE cultures was not associated 
with any apparent protection against Salmonella infection, in contrast to some experimental and field 
turkey studies (Anderson et al., 1984, Cox et al., 2001, Hofacre et al., 2000). Application protocols 
were varied and administration was delayed typically until after placement in the rearing house, 
when many poults would already be exposed to residual environmental Salmonella. In addition there 
was commonly exposure immediately before or after CE administration to an antibiotic combination 
(lincomycin plus spectinomycin) to which some of the CE organisms would be more susceptible than 
the resistant Salmonella strains, potentially providing the pathogen with a competitive advantage and 
compromising the activity of the CE product. Where CE culture was applied by uniform spray 
dosing at the youngest possible age and without immediate antibiotic treatment (crop A4 houses 1-
4), two of four houses were already Salmonella-positive at day five, with the rest likewise by day 14. 
Early or heavy environmental challenge may overwhelm CE, as litter disinfection and CE appeared 
to act synergistically in one turkey study (Anderson et al., 1984). Stress, intercurrent disease, reduced 
feed intake in the first few days of life and technical problems with administration might also 
counteract CE efficacy. 
 
By contrast to findings on rearing farms, the proportion of positive faeces samples on fattening farms 
was low (median 1, range 0 to 22, out of 64 samples per house) by the first sampling at 10 weeks of 
age. This proportion remained low until slaughter at 20 weeks, when eight of the 11 sampled houses 
containing a tracked flock yielded no Salmonella-positive individual faeces samples (Table 4). 
Figure 3 illustrates the changing frequencies of Salmonella isolation for the tracked crop with the 
most complete data set (B2), from day 5 to week 20. Table 5 shows results from the two fattening 
flocks (C and H) that were not tracked through from the rearing farms, showing similar frequencies 
of isolation as for the tracked flocks. 
 
Results from the pooled faecal and boot swab samples reflected those from individual faecal samples 
(data not shown), and boot swabs from non-target fattening houses were Salmonella-positive at 
similar frequencies to those from target houses. Combining the results of individual and pooled 
faeces plus overshoe samples, 10 out of 20 target houses sampled by one or more methods at 20 
weeks yielded at least one Salmonella-positive sample. In seven of these houses the organism was 
recovered from fresh faeces, indicating shedding at that time. However, individual faeces samples 
were rarely positive. 
 
It is likely that the move to clean fattening accommodation was instrumental in the reduction of 
Salmonella shedding that was a sustained feature of the fattening phase. However, given that samples 
taken at 35 days of age already showed evidence of this decline in shedding, the move is unlikely to 
have been the only cause. Age-associated mechanisms may also be significant (Barrow and Duchet-
Suchaut, 1997), although a flock age-related reduction in the frequency of Salmonella detection in 
environmental and bird samples has been a feature in some turkey studies but not in others (Hoover 
et al., 1997, Morgan-Jones, 1982, Nayak et al., 2003). The temporal profile of a flock infection may 
therefore be substantially affected by features of the particular farm environment(s) and the effect of 
moving to clean fattening accommodation, plus Salmonella strain adaptations to that environment 
and the intensity of early exposure. 
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The present study demonstrated that routine anti-Salmonella measures (sourcing of poults, 
biosecurity, C&D and administration of CE cultures) were insufficient to prevent Salmonella 
infection by resident S. Newport strains in all 32 rearing flocks over eight turkey crops on two 
commercial premises. In the two-stage system studied, intense Salmonella shedding during the 
rearing period provided a considerable challenge for decontamination of accommodation and 
equipment between rearing flocks. Residual contamination and local dissemination of Salmonella 
appeared sufficient to overwhelm other Salmonella-suppressive measures, although relatively 
superior disinfection was associated with some delay in the onset of flock infection. Deficiencies in 
the implementation of hygiene and CE were noted. 
 
There was a sustained and marked age-associated decline in Salmonella shedding during fattening, 
but the organism was still found in half of the target houses at slaughter age, with evidence of 
continued shedding by a small number of birds in most of these. Such levels of infection may not be 
detected by routine surveillance but potentially can contaminate slaughter facilities and carcasses. 
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Tables 
Table 1: Details of sampled farms 
Farm Farm type 
No. of 
houses 
Mean house 
capacity ± std 
deviation 
No. of ‘target’ 
houses sampled 
intensively 
A Rearing    4 10000 ± 0 4 
B Rearing    4 10000 ± 0 4 
C Fattening    4   5000 ± 0 1 
D Fattening   2   7000 ± 0 1 
E Fattening 10   5500 ± 0 4 
F Fattening   6   4585 ± 1231 2 
G Fattening   7   4285 ± 1592 3 
H Fattening   6   5000 ± 0 4 
J Fattening   6   2833 ± 258 3 
 
  
 
Table 2: Details of turkey crops and treatments in intensively-sampled houses 
Crop 
Rearing phase  Fattening phase 
Farm House(s) 
Treat-
ment* 
Mean age (days)  
Farm House(s)† 
Treat-
ment* 
Ages: mean 
or start-end 1st 2nd 3rd 4th  
A1 A 1, 2 CE   5     E 1-3 Amx 6 wk 
  3 CE   0      3 Amx 10 wk 
  1, 3, 4 Amx 25 31     1-3 OA 77-105 d 
  2 Amx 25      1-3 Ctc 122 d 
A2 A 3, 4 CE   6     J 1-3 Tyl 38 d  
  1, 3 Amx 16 33     1-3 OA 47-98 d 
  4 Amx 16         
  2 Enflx 15 30        
  2 Cocc 30         
A3 A 3, 4 CE   5         
  1-4 Amx 24 34        
A4 A 1-4 CE   0    5        
  1, 3 Amx   5 15 19 26      
  2, 4 Amx   5 15 26       
  1-4 Enflx 12         
B1 B 1-4 Amx 23 32    D 4 Amx 41 d 
          4 OA 48-140 d 
          4 Ctc 117 d 
B2 B 3 CE   5 22    F 4 Tyl 35 d 
  4 CE   5 29     4‡ Ctc 133 d 
  3 Amx 15 27    G 1-3 Tyl 35 d 
  1, 2 Amx 20 28     1-3 OA 70-91 d 
  4 Amx 22 32     1 Amx 119 d 
          1-3 Ctc 126 d 
B3 B 3, 4 CE   5         
  1 Amx 25 31 33       
  2, 3 Amx 25 31        
  4 Amx 25         
B4 B 1-4 Amx 22 30        
C1         C 1 Amx 56 d 
          1 OA 32-128 d 
H1         H 1-4 Tyl 35 d 
          1-4 CE 42-43 d 
          1-4 OA 43-84 d 
          1-4 Amx 94 d 
          1-4 Ctc 99 d 
All crops except crop A4 also had prophylactic lincomycin plus spectinomycin in water on days 1 to 3. 
* Antibiotics: Amx – amoxycillin; Enflx – enrofloxacin; Tyl – tylosin; Ctc – Chlortetracycline. Given for 
mean 6 days, standard deviation 1.2 days. Other agents: Cocc – anticoccidial; OA – organic acid product; 
CE – competitive exclusion preparation, given in drinking water or by spray at hatchery. 
†
 House numbers indicate houses of origin on rearing farms, for tracked rearing crops. 
‡
 Only one of two fattening houses populated and sampled from this rearing house was treated. 
  
 
Table 3: Rearing farms: comparison of Salmonella isolations after cleaning and 
disinfection with Salmonella status of houses after subsequent restocking 
Follow-
ing crop 
No. of Salmonella-positive houses (H) and swabs (S)* 
Total 
swabs 
(/240)† 
Fraction of houses 
yielding Salmonella 
at given age‡ Inside  Outside  Ante-room 
H (/4) S (/200)  H (/4) S (/20)  H (/4) S (/20) 5 d 14 d 35 d 
A1 2 5  4 12  1 1 18a 3/4 4/4 4/4 
A2 0 0  4 10  2 5 15a 2/4 4/4 4/4 
A3 1 4  3   8  0 0 12a 4/4 4/4 4/4 
A4 0 0  2   2  1 1   3b 2/4 4/4 4/4 
B1 1 2  4 18  3 7 27α 4/4 4/4 4/4 
B2 2 5  4 15  2 3 23α 2/4 4/4 4/4 
B3 0 0  3   9  0 0   9β 1/3 3/4 3/3 
B4 0 0  2   5  1 1   6β 0/4 2/4 3/3 
* After cleaning and disinfection but before restocking. 
†Values with different superscript letters differ significantly. Comparisons were not made between farms A and B. 
‡Age of flock (days) after restocking. 
 
 
Table 4: Number of Salmonella-positive faecal samples for crops tracked 
through to fattening farms 
Rearing 
farm Crop 
Rearing 
house 
No. of 
fattening 
houses 
sampled* 
Mean (range) of Salmonella-positive samples 
out of 64 per house at the given flock age 
10 weeks 14 weeks 18 weeks 20 weeks 
A A1 1 1   0   ns   ns   ns 
  2 2   1.5 (1-2)   0.5 (0-1)   1 (0-2)   0 
  3 1   ns   0   0   0 
  4 0†     
 A2 1 1   4   1   ns   0 
  2 1   1   2   ns   1 
  3 1   0   2   ns   0 
  4 0†     
B B1 1 0†     
  2 0†     
  3 0†     
  4 1   0   1   ns   ns 
 B2 1 1 22   0   0   1 
  2 1   0   0   0   0 
  3 1   0   2   0   0 
  4 2   5.5 (4-7)   0.5 (0-1)   0   0.5 (0-1) 
* Fattening houses that were occupied only by birds from the indicated rearing house. 
†
 It was not possible to track this house through to accommodation on the fattening farm that was 
occupied only by this flock. 
 ‘ns’ indicates that it was not possible to sample the house(s) on this occasion. 
  
 
Table 5: Number of Salmonella-positive faecal 
samples for farms C and H 
Farm House 
Flock age (weeks) 
10 14 18 20 
C 1 ns* 3 ns* 0 
H 1 2 0 0 1 
H 2 1 0 0 0 
H 3 0 0 0 1 
H 4 3 0 0 0 
Values are the number of positive samples, out of 64 per 
house. 
* Not sampled. Only one house was sampled for individual 
faeces on farm C. This house had been found to be 
Salmonella-positive by routine monitoring and was not 
included in the study until the birds were 14 weeks of age. 
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 House 1       House 2       House 3       House 4 
*Houses filled in numerical order; mean age of 4.7 days, standard dev. 1.5 days 
Figure 1: Number of Salmonella-positive faecal samples per house on Farm A 
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 House 1       House 2       House 3       House 4 
*Houses filled in the order 2, 1, 3, 4; mean age of 4.5 days, standard dev. 1.7 days 
Figure 2: Number of Salmonella-positive faecal samples per house on Farm B 
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Black and patterned bars indicate Salmonella-positive samples; light grey bars indicate Salmonella-negative 
samples. 
*Vertically-divided bars indicate a rearing flock (house 4) that has been sampled in two separate houses after transfer 
to fattening accommodation. 
Figure 3: Salmonella isolations from 4 contemporaneous rearing flocks on Farm 
B, tracked to 20 weeks of age 
 
